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1. INTRODUCTION {#cbf3576-sec-0001}
===============

In December 2019, the novel coronavirus disease known as 2019‐nCoV (severe acute respiratory syndrome‐related coronavirus SARS‐CoV‐2) has suddenly spread in Wuhan, China, and affected more than 200 countries (Figure [1](#cbf3576-fig-0001){ref-type="fig"}) with over 6 600 000 confirmed cases (Figure [2](#cbf3576-fig-0002){ref-type="fig"} and over 397 000 confirmed death worldwide as (Figure [2](#cbf3576-fig-0002){ref-type="fig"}) of 8 June 2020. The outbreak was declared a Public Health Emergency of International Concern on 30 January 2020.[^1^](#cbf3576-bib-0001){ref-type="ref"}

![2019‐nCoV global distribution (Map was extracted from World Health Organization website)](CBF-9999-na-g001){#cbf3576-fig-0001}

![2019‐nCoV total confirmed cases and associated deaths diagrams (Data were gathered from World Health Organization website)](CBF-9999-na-g002){#cbf3576-fig-0002}

Until now, the virus had a lot of adverse and far‐reaching effects not only on the global economy but also on millions of people\' life because of mandatory isolations/quarantines.[^2^](#cbf3576-bib-0002){ref-type="ref"}, [^3^](#cbf3576-bib-0003){ref-type="ref"}, [^4^](#cbf3576-bib-0004){ref-type="ref"} Generally, coronaviruses are known as relatively heavy and large viruses with enveloped positive sense single‐stranded RNA genome and categorized into four classes as alpha, beta, gamma and delta. More information about these classes and coronaviruses structure are beyond the scope of this review and have been already described in literatures.[^4^](#cbf3576-bib-0004){ref-type="ref"}, [^5^](#cbf3576-bib-0005){ref-type="ref"}, [^6^](#cbf3576-bib-0006){ref-type="ref"} Although there are no Food and Drug Administration (FDA)‐approved drugs to prevent or treat COVID‐19, we herein highlighted recent advances in the use of the pharmaceutical care of some frequently used small‐molecule drugs in patients with 2019‐nCoV. Table [1](#cbf3576-tbl-0001){ref-type="table"} showed their chemical structures and ClinicalTrials ID.

###### 

Chemical structures and ClinicalTrials ID of discussed drugs

+--------------------+-----------------------------------+------------------------------+
| Drug name          | Structure                         | ClinicalTrials ID (Phases)   |
+:===================+:==================================+:=============================+
| Hydroxychloroquine | ![](CBF-9999-na-g004.jpg "image") | NCT04329611 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04329832 (II)             |
|                    |                                   |                              |
|                    |                                   | NCT04329923 (II)             |
|                    |                                   |                              |
|                    |                                   | NCT04351620 (I)              |
|                    |                                   |                              |
|                    |                                   | NCT04334382 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04344444 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04307693 (II)             |
|                    |                                   |                              |
|                    |                                   | NCT04345692 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04331834 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04332094 (II)             |
|                    |                                   |                              |
|                    |                                   | NCT04342221 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04347980 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04261517 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04325893 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04328467 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04316377 (IV)             |
|                    |                                   |                              |
|                    |                                   | NCT04308668 (III)            |
+--------------------+-----------------------------------+------------------------------+
| Lopinavir          | ![](CBF-9999-na-g005.jpg "image") | NCT04330690 (II)             |
+--------------------+-----------------------------------+------------------------------+
| Ritonavir          | ![](CBF-9999-na-g006.jpg "image") | NCT04328285 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04330690 (II)             |
|                    |                                   |                              |
|                    |                                   | NCT04307693 (II)             |
|                    |                                   |                              |
|                    |                                   | NCT04345276 (IV)             |
+--------------------+-----------------------------------+------------------------------+
| Remdesivir         | ![](CBF-9999-na-g007.jpg "image") | NCT04292730 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04315948 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04321616 (III)            |
|                    |                                   |                              |
|                    |                                   | NCT04280705 (III)            |
+--------------------+-----------------------------------+------------------------------+
| Arbidol            | ![](CBF-9999-na-g008.jpg "image") | Not found                    |
+--------------------+-----------------------------------+------------------------------+
| Favipiravir        | ![](CBF-9999-na-g009.jpg "image") | NCT04310228 (Not Applicable) |
+--------------------+-----------------------------------+------------------------------+

2. CHLOROQUINE AND HYDROXYCHLOROQUINE {#cbf3576-sec-0002}
=====================================

The synthesis of chloroquine (CQ) backs to 1943 in Germany. During World War II, it was administered for the prophylaxis and treatment of malaria. After approving by the World Health Organization as an essential medicine,[^7^](#cbf3576-bib-0007){ref-type="ref"} it was found to be useful to treatment of other diseases such as skin diseases, sarcoidosis, extra intestinal amoebiasis, chronic Q fever and rheumatoid disorders. In 1955, one important analogue of CQ known as hydroxychloroquine (HCQ) was employed for the treatment of rheumatologic and dermatologic diseases.[^8^](#cbf3576-bib-0008){ref-type="ref"} This anti‐malarial agent has become a mainstay of anti‐inflammatory treatment, given its relative low cost and favourable safety profile compared with other disease‐modifying anti‐rheumatic drugs. Retinal toxicity remains a well‐known side effect of the long‐term use of HCQ and its predecessor CQ.[^9^](#cbf3576-bib-0009){ref-type="ref"} It should be highlighted that the efficacy and safety of these drugs for treatment of SARS‐CoV‐2 (the new virus causing COVID‐19) pneumonia remains unclear.[^10^](#cbf3576-bib-0010){ref-type="ref"} However, according to the previous studies, the so‐called drugs inhibit coronavirus via a series of steps.[^11^](#cbf3576-bib-0011){ref-type="ref"} In one report, Yao et al[^12^](#cbf3576-bib-0012){ref-type="ref"} studied the antiviral and prophylactic property of CQ and HCQ using SARS‐CoV‐2 infected Vero cells. In this research, they could successfully predict drug concentrations using physiologically based pharmacokinetic model that was obtained from previous published clinical trial data. Experimental results and EC~50~ values showed that in vitro anti‐SARS‐Cov‐2 activity of HCQ is better than CQ. Although according to the unpublished clinical trial, CQ exhibited the therapeutic effect in SARS‐Cov‐2‐infected patients, this research demonstrated that HCQ with remarkable antiviral and prophylactic performance and tolerable safety profile may be used as a promising drug against SARS‐Cov‐2. In another interesting study, Zhou et al compared the therapeutic property of HCQ and CQ for the treatment of SARS‐CoV‐2 infection.[^13^](#cbf3576-bib-0013){ref-type="ref"} As it could be seen from Figure [3](#cbf3576-fig-0003){ref-type="fig"}, they explained fully the antiviral mechanisms of CQ and HCQ.

![A cartonic illustration of the antiviral mechanism of HCQ and CQ. CQ, chloroquine; HCQ, hydroxychloroquine](CBF-9999-na-g003){#cbf3576-fig-0003}

Based on Figure [3](#cbf3576-fig-0003){ref-type="fig"}, they concluded that HCQ could act as a better therapeutic agent than CQ for the treatment of the so‐called infection in china. For supporting their claim, they also suggested three major reasons as follow: (a) HCQ could decrease CD154 expression in T‐cells, leading to reduce the progression of 2019‐nCOV, (b) HCQ had a remarkable antiviral effect at both pre‐ and post‐infection stages and (c) compared to CQ, HCQ has some advantages such as low side effects, low cost and safe in pregnancy. As HCQ has been found to be efficient on the treatment of 2019‐nCoV in vitro, massive clinical trials aiming at evaluating the effect of HCQ on 2019‐nCoV have been developed (Table [1](#cbf3576-tbl-0001){ref-type="table"}). For example, Gautret et al started to carried out a non‐randomized clinical trial in order to assess the effect of HCQ on the small group of patients with 2019‐nCoV infections. Although their study had some important limitations such as small sample size and limited long‐term outcome follow‐up, but the obtained results especially using HCQ with azithromycin were useful and could open a new window to fight this emerging viral infection before finding its vaccine in the future.[^14^](#cbf3576-bib-0014){ref-type="ref"} Liu et al evaluated the antiviral effect of HCQ against SARS‐CoV‐2 infection in comparison to CQ in vitro. The cytotoxicity of the two drugs in Vero E6 cells was determined by CCK‐8 assays. Vero E6 cells were treated with different doses of either compound or with PBS in the controls for 1 hour and then infected with SARS‐CoV‐2 at MOIs of 0.01, 0.02, 0.2 and 0.8. They predict that the drug has a good potential to combat the disease. This possibility awaits confirmation by clinical trials.[^4^](#cbf3576-bib-0004){ref-type="ref"}

3. LOPINAVIR AND RITONAVIR {#cbf3576-sec-0003}
==========================

Lopinavir (LPV) is a protease inhibitor which is rapidly metabolized in vitro. However, co‐administration with ritonavir (RTV; an inhibitor of the cytochromeP450 3A isoenzyme) inhibits LPV metabolism, significantly increasing plasma concentrations of the drug and affording high and consistent levels of LPV. Thus, a co‐formulation of LPV and RTV (LPV/RTV) has been developed for clinical use.[^15^](#cbf3576-bib-0015){ref-type="ref"}, [^16^](#cbf3576-bib-0016){ref-type="ref"} For instance, Cao et al conducted a randomized, controlled, open‐label trial involving hospitalized adult patients with confirmed SARS‐CoV‐2 infection. Patients were randomly assigned in a 1:1 ratio to receive either LPV‐RTV (400 and 100 mg, respectively) twice a day for 14 days, in addition to standard care, or standard care alone. In conclusion, they found that LPV‐RTV treatment did not significantly accelerate clinical improvement, reduce mortality or diminish throat viral RNA detectability in patients with serious Covid‐19.[^17^](#cbf3576-bib-0017){ref-type="ref"} In one case clinical trial report, Lim et al investigated the therapeutic effect of LPV/RTV on a 54‐year‐old Korean man who lived in Wuhan, China, and entered Korea on 20 January 2020. At the first days, he had no major illness and his all tests such as Leptospira, Hantan virus, Tsutsugamushi, Malaria, M tuberculosis, human immunodeficiency virus (HIV) and venereal disease research laboratory were negative. On days 5 and 7, he had fever and dry cough, respectively. Real‐time polymerase chain reactoion (RT‐PCR) test confirmed that he had 2019‐nCoV and transmitted this virus to other persons. Treating the patient using two tablets (LPV 200 mg/RTV 50 mg) on day 10 of illness, β‐coronavirus viral load started to decrease and no detectable or little coronavirus titres have been observed. These findings demonstrated that LPV/RTV could be suggested to relatively high risk groups of 2019‐nCoV pneumonia (elderly patients or patients with underlying diseases) from the early stage.[^18^](#cbf3576-bib-0018){ref-type="ref"} In a study by Wang et al, four 2019‐nCoV patients including three males with the age of 32, 19 and 63 and one female with the age of 63 were given antiviral treatment including LPV/RTV (LPV 400 mg/RTV 100 mg), arbidol and Shufeng Jiedu Capsule (SFJDC, a traditional Chinese medicine) between 6 and 15 days. In addition, all patients were given antibiotic treatment and started on supplemental oxygen, delivered by nasal cannula after admission to hospital. After treatment, three patients showed significant improvement in pneumonia associated symptoms, two of whom were confirmed to be COVID‐19 negative and discharged, and one of whom was negative for the virus at the first test.[^19^](#cbf3576-bib-0019){ref-type="ref"} One comprehensive epidemiological and clinical study was done on 99 patients with 2019‐nCoV in Wuhan, China, by Chen et al. From drug treatment point of view, 75 (76%) patients received antiviral treatment, including oseltamivir (75 mg every 12 hours, orally), 500 mg LPV, 500 mg RTV and the intravenous administration of 0.25 g ganciclovir for 3 to 14 days. Most patients were given antibiotic treatment. Twenty‐five (25%) patients were treated with a single antibiotic and 45 (45%) patients were given combination therapy. By the end of 25 January, 31 (31%) patients had been discharged and 11 (11%) patients had died. All other patients stayed in hospital. From died patients, eight patients had lymphopenia, seven had bilateral pneumonia, five were older than 60 years, three had hypertension and one was a heavy smoker.[^20^](#cbf3576-bib-0020){ref-type="ref"}

4. REMDESIVIR {#cbf3576-sec-0004}
=============

Remdesivir, originally developed for the treatment of Ebola virus. Remdesivir is a phosphoramidate nucleotide analogue prodrug that is metabolized to a triphosphate form in cells and has been known as a broad inhibitor of RNA viruses, including filo‐, pneumo‐, paramxyo‐ and coronaviruses.[^21^](#cbf3576-bib-0021){ref-type="ref"} Remdesivir has shown great effectiveness against a number of coronaviruses with IC~50~ values of 0.1 M in human airway epithelial cell models of coronavirus infection. Remdesivir is currently being used as an antiviral therapy to treat SARS‐CoV‐2 infection.[^22^](#cbf3576-bib-0022){ref-type="ref"} Wang et al evaluated the antiviral efficiency of five FDA‐approved drugs including ribavirin, penciclovir, nitazoxanide, nafamostat, CQ and two broad spectrum antiviral drugs remdesivir (GS‐5734) and favipiravir (FPV; T‐705) against a clinical isolate of 2019‐nCoV in vitro. Amongst them, two compounds namely remdesivir and CQ potently blocked virus infection at low‐micromolar concentration. Their time‐of addition assay showed remdesivir functioned at a stage post virus entry, which is in agreement with its putative antiviral mechanism as a nucleotide analogue. The preliminary data showed that remdesivir also inhibited virus infection efficiently in a human cell line (human liver cancer Huh‐7 cells), which is sensitive to 2019‐nCoV. As these compounds have been used in human patients with a safety track record and shown to be effective against various ailments, they should be assessed in human patients suffering from the novel coronavirus disease.[^23^](#cbf3576-bib-0023){ref-type="ref"} In one theoretical study, Chang et al used molecular docking to repurpose HIV protease inhibitors and nucleoside analogues for COVID‐19 using docking scores calculated by AutoDock Vina and RosettaCommons. Their results suggested that indinavir and remdesivir possessed the best docking scores, and the comparison of the docking sites of the two drugs revealed a near perfect dock in the overlapping region of the protein pockets. As for remdesivir, the docking site is perfectly located in the NTP binding motif, which is expected to block the replication of RNA sequence. Because both drugs have been used in clinical practices with limited toxicity, we recommend that they should be taken into consideration whilst treating for COVID‐19.[^24^](#cbf3576-bib-0024){ref-type="ref"} With these advantageous, some clinical trials have been planned to evaluate the safety and efficacy of remdesivir against 2019‐nCoV respiratory disease.

5. ARBIDOL {#cbf3576-sec-0005}
==========

Arbidol (known as umifenovir) is a broad‐spectrum antiviral compound approved in Russia and China for prophylaxis and can effectively block the fusion of influenza virus with host cells.[^25^](#cbf3576-bib-0025){ref-type="ref"} Arbidol not only stimulated overexpression of endogenous interferon against virus replication but also enhanced the phagocytic function of macrophages, as well as activated the natural killer cells.[^26^](#cbf3576-bib-0026){ref-type="ref"} This drug does not have remarkable side effects and successfully is patented for SARS treatment.[^27^](#cbf3576-bib-0027){ref-type="ref"}, [^28^](#cbf3576-bib-0028){ref-type="ref"} These promising futures encouraged scientists and physicians to evaluate its efficacy against 2019‐nCoV. For example, Deng et al compare arbidol and LPV/RTV (LPV/r) treatment for patients with COVID‐19 with LPV/r only. Patients were given oral arbidol and LPV/r in the combination group and oral LPV/r only in the monotherapy group for 5 to 21 days. Specifically, arbidol was given at a dose of 200 mg every 8 hours and LPV (400 mg)/RTV (100 mg) orally every 12 hours until coronavirus is detected negative by RT‐PCR for tree times. The administration period is about 5 to 21 days. They explored 16 patients who received oral arbidol and LPV/r in the combination group and 17 who oral LPV/r only in the monotherapy group, and both initiated after diagnosis. Their study shows that oral arbidol and LPV/r in the combination group is associated with a significant elevated negative conversion rate of coronavirus\' test in 7 and 14 day, compared with LPV/r only in the monotherapy group.[^29^](#cbf3576-bib-0029){ref-type="ref"}

6. FAVIPIRAVIR {#cbf3576-sec-0006}
==============

Favipiravir is a novel antiviral compound that selectively and potently inhibits the RNA‐dependent RNA polymerase of influenza and many other RNA viruses. As described below, it has been found to inhibit all serotypes and strains of influenza A, B and C viruses against which it has been tested, including those resistant to currently approved neuraminidase inhibitors.[^30^](#cbf3576-bib-0030){ref-type="ref"} It is also active against a number of arena‐, bunya‐ and flaviviruses, both in vitro and in rodent models, and it has shown potent in vitro activity against members of the alphavirus, paramyxovirus and norovirus families. Cai et al conducted an open‐label and nonrandomized study with the Chinese Clinical Trial Registry (ID: ChiCTR2000029600) to investigate the effects of FPV vs LPV/RTV, IFN‐α for the treatment of COVID‐19.[^31^](#cbf3576-bib-0031){ref-type="ref"} Standard care included oxygen inhalation, oral or intravenous rehydration, electrolyte correction, antipyretics, analgesics, and antiemetic drugs. Changes in chest computed tomography (CT), viral clearance and drug safety were compared between the two groups. For the 35 patients enrolled in the FPV arm and the 45 patients in the control arm, all baseline characteristics were comparable between the two arms. The FPV arm showed significant improvement in chest imaging compared with the control arm, with an improvement rate of 91.43% vs 62.22% (*P* = .004). On day 14 after treatment, the improvement rates of the chest CT changes in the group with viral clearance within 7 days of treatment were significantly higher than those of the patients with viral clearance after 7 days of treatment.

7. CONCLUSION {#cbf3576-sec-0007}
=============

During last several months, a lot of efforts have been devoted to prevent the spread of 2019‐nCoV in all over the world. Unfortunately, there are no any specific pharmacological treatments to date for 2019‐nCoV. Despite this fact, most of scientists around the world have moved at an unprecedented speed to use the mentioned‐drugs for treatment of 2019‐nCoV. Although some available drugs were employed against other coronaviruses like SARS and Ebola in the past, at first scientists must evaluate the efficiency of drugs against 2019‐nCoV in vitro and then transfer from bench to bed. This review provides an overview of ongoing works and developments for using of some available therapeutic agents for treatment of 2019‐nCoV. Conversely, in this report, we summarized a list of small molecule drugs that have been used frequently for treatment of 2019‐nCoV.
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